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Since the pandemic of psittacosis in 1929-30, instances of disease in 
human beings associated with parrots and parrakeets have continued 
to appear, either as isolated occurrences or as small localized epidemics. 
Frequently the malady has manifested itself by unusual clinical pic- 
tures in the patients and has run a course not usually considered to be 
characteristic of psittacosis.  Furthermore, at  times the disease has 
occurred in people associated with birds which have apparently been 
in good health in this country for considerable periods of time and 
which until recently would have been considered "safe" in the  sense 
of being free from psittacosis. 
Bedson (1) and his coworkers demonstrated the virus of psittacosis 
in the blood of patients suspected of having the disease by injecting 
samples of their blood into budgerigars.  When we began our studies 
on  psittacosis in  1930  we  immediately recognized the  fact  that  it 
would not be safe to use budgerigars or other small members of the 
psittacine family for the diagnosis of the disease in human beings, 
(1)  because  such  birds,  the  natural  hosts  of psittacosis,  might  be 
carriers of the virus, and  (2)  because it is exceedingly dangerous to 
have live birds that are infected with psittacosis virus in the laboratory 
or in the animal house. 
Five weeks after we began to study psittacosis one of the doctors in 
the laboratory became sick and it was thought that he had accidentally 
contracted the disease.  Being aware of Krumwiede's (2) experiments 
that showed white mice are susceptible to the virus of psittacosis, and 
suspecting that  the virus might be in  the sputum of an individual 
sick of psittacosis, inasmuch as the malady exhibits itself as a pneu- 
monia, we injected small amounts of sputum from the patient into the 
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peritoneal cavities of 6 mice.  In this manner we recovered virus from 
the sputum of the patient  (3)  and confirmed the clinical diagnosis of 
psittacosis. 
A reasonably safe laboratory method for the diagnosis of psittacosis 
in  man  is  of importance.  Our investigations  (4),  as  well  as  similar 
experiences of others,  have indicated that  serological tests are prob- 
ably not suitable  for the  detection of psittacosis.  Following Krum- 
wiede's  observations,  our  work  (5)  and  the  findings  of others  have 
shown  that  mice  are  highly  susceptible  to  psittacosis  and  that  the 
experimental  disease  in  them  can  be  easily  recognized.  We  have 
found,  furthermore,  that  mice  can  be  used  for  the  diagnosis  of 
psittacosis in mail by means of injections of washed sputum or filtrates 
of sputum  into  their peritoneal  cavities,  and that  infected mice can 
be handled with a  minimum of danger of accidental infection.  The 
work,  already presented in a  preliminary note  (6),  will now be given 
in  greater  detail. 
Sputum-Mouse Test for Diagnosis of Psittacosis 
In the test for the presence of virus in the sputum of human beings 
suspected  of  having  psittacosis  either  unfiltered  or  filtered  sputum 
may be used.  The test is conducted in the following manner. 
Unfiltered Sputum.--Material coughed  up from the lungs--not saliva  or dis- 
charges  from the nasopharynx--is washed  and  then emulsified  in physiological 
salt solution or Locke's solution by means of repeated passages through a 20 gauge 
needle attached to  a  syringe.  Six white mice are inoculated intraperitoneally 
with the emulsion, 3 receiving 0.25 cc. each, while 3 others get 0.5 cc. each.  Too 
rich an emulsion should not be used, because the mice must be able to destroy the 
bacteria in order that the virus may be obtained free from contaminants.  The 
animals are observed for a period of 30 days. 
Filtered Sputum.--The sputum of the majority of patients  with  psittacosis 
does not  contain organisms,  such  as  pneumococci  and  hemolytic streptococci, 
sufficiently virulent to kill the mice, and under these conditions it is not necessary 
to filter the sputum, provided too large an inoculum is not used.  At times, how- 
ever, the bacteria in the sputum are so virulent that it is impossible  to test for 
psittacosis virus in their presence.  Then it is essential  to filter the sputum and 
inoculate mice with the filtrate in the following manner. 
The patient's sputum to which 20-50 volumes of meat infusion broth, pH 7.8, 
and a small amount of alundum have been added is thoroughly ground in a mortar. 
The emulsion is centrifuged for 10 minutes at a speed of 3000 l~.p.~r.  Then the 
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cm.  of mercury.  Each  of 6  mice receives intraperitoneally  on 3  successive days 
2 cc. of the filtrate.  The animals are observed 30 days. 
Housing of Mice during the Test.--The mice are housed  in battery jars,  6 mice 
being put  in a  jar.  The jars  are placed in large flat  trays  containing a  shallow 
layer of a  5 per cent solution of lysol.  The trays are then set on tables the legs 
of which stand in basins filled with a  5 per cent solution of lysol (Fig.  1), and  the 
tables are kept in a  well screened room.  These precautions are taken  to prevent 
the mechanical spread  of infection by insects.  Inasmuch  as some mice have to 
FIC..  1.  Photograph  illustrating  the  manner  in  which  mice should  be  housed 
when infected with the virus of psittacosis.  The tables should not be near a  wall 
and  are placed against  one in  this instance only because a  photograph  could not 
have been obtained otherwise. 
be observed several weeks,  their jars  must  be  cleaned from time to  time.  Care 
should  be  taken  not  to  contaminate  oneself during  the  process  of cleansing  the 
jars, and the dirty shavings or bedding in the jars should be sterilized or disposed 
of in a safe manner. 
Criteria for the Presence  of Psittacotic  Infections in the Inoculated Mice.--The 
criteria by which the presence of psittacosis in the inoculated mice is determined 
are: 
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fatal wilhin  5-14 days, but occaskmally not before 30.  If after  the 4th  or 5th 
day a mouse becomes sick it should be killed  rather than allowed to die. 
2.  The absence of ordinary bacterial infections as determined by aerobic and 
anaerobic cultures from material obtained at necropsy. 
3.  The presence in the liver and spleen of the characteristic pathological picture 
consisting of focal necrotic lesions  into and around which there is a  collection of 
polymorphonuclear and mononuclear cells  (5). 
4.  The  presence  of  "minute  bodies"  of psittacosis  (7)  in  impression  smears 
taken  from  the  liver  and  spleen-particularly  the  spleen.  These  bodies  stain 
easily with our modification of Castaneda's methylene blue safranin method (5). 
Phosphate buffer pH 7.0 ....................................  95 cc. 
Formalin ..................................................  5 cc. 
Loeffler's methylene blue ....................................  10 cc. 
Stain  2  minutes  with  the  methylene  blue  preparation,  rinse  in  tap  water,  and 
quickly eounterstain with a  10 per cent aqueous safranin solution.  The "minute 
bodies" take a purple or blue stain while the cells are pink. 
5.  The establishment  of serial  passages of the virus in mice by means of liver 
and  spleen  emulsions  from  the  animals  receiving  unfiltered  sputum  or  sputum 
filtrates. 
6.  The demonstration  that  mice which have  lived for 30 days following the 
inoculations of sputum  or sputum  filtrates  have  developed  an  active immunity 
against a potent strain of psittacosis virus.  The tests for immunity should not be 
made sooner than 30 days after the primary inoculations, because mice develop an 
immunity against psittacosis slowly. 
All of the  above conditions obviously need not be  fulfilled  in each instance, 
sometimes one, sometimes another serves to establish a diagnosis. 
RESULTS 
Specimens  of sputum  from  28  individuals  have  been  examined  for 
the  presence  of psittacosis  virus  in  the  manner  described  above,  and 
the  results  of the  tests  have  been  summarized  in  Table  I.  Most  of 
the specimens of sputum were collected between the  3rd and 9th days 
of illness.  We  are  reasonably  certain  that  17  of the  28  persons  had 
psittacosis  and  that  the  remaining  11  did not.  In the  sputum  of  12 
of the  17  patients  with psittacosis  active virus  was demonstrated;  no 
virus was found in specimens  from 4; and  the  results  of the  examina- 
tion  of  the  material  from  1  were  hard  to  interpret.  No  virus  was 
demonstrated  ill  the sputum from the  11  control cases. 
A  few  remarks  concerning  the  negative  and  doubtful  results  ob- 
tained  with  sputum  from cases of psittacosis  will not be  amiss.  The T~O~AS  ~.  R~VERS AND  o. P. BEm~Y  209 
TABLE  I 
Summary  of Results of Tests for the Presence of Psittacosis Virus in the Sputum 
of Human Beings 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Name 
G. P. B. 
H.B. 
T.S. 
M.M. 
H.K. 
D.K. 
R. H. L. 
C.W. 
M.F. 
M. Su. 
E. A. S. 
F.S. 
B. 
G.L. 
A.G. 
Mon. 
G.S. 
Psittacosis 
in Patients, 
summation 
of evidence 
4- 
4- 
+ 
+ 
4- 
4- 
+ 
+ 
+ 
Probably 
4- 
4- 
4- 
+ 
+ 
4- 
Psittacosis 
virus~ present 
or absent in 
suspected birds 
4- 
+ 
4- 
4- 
+ 
+ 
4- 
+ 
+ 
Not tested 
Not proved 
g¢  gg 
Not tested 
gg  ~g 
4- 
Not tested 
4- 
Type of human material examined 
Blood  Sputum 
4- 
++ 
++ 
atum 
Zate 
4- 
4- 
Organ 
emulsions 
+ 
+ 
Controls:  Patients in whom psittacosis was at first  suspected, later events showing 
definitely that they did not have the disease 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
G.S. 
E.S. 
R.C. 
M.S. 
M. Fa. 
S.G. 
B.C. 
A. 
L.E. 
J.W. 
If. 
m 
m 
m 
m 
u 
m 
u 
Not tested 
Not proved 
m 
m 
m 
m 
4- indicates that the patients on summation of evidence had psittacosis, that 
the virus of psittacosis was found in the birds associated with the human cases, 
or that the material examined from human sources contained virus. 
-  indicates that the patients did not have psittacosis, that the virus of psitta- 
cosis was not found in the birds associated with the patients, or that the material 
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sputum from Case 8  (C.W.) was collected on the 20th day of illness, 
2  days after the patient's  temperature had  returned to  the normal 
level.  In this instance, the fact that the specimen was collected so 
late in the course of the illness may account for the failure to demon- 
strate the virus.  The specimen  from Case  17 (G.S.)  sent in for ex- 
amination was not sputum, but saliva, and this error on the part of 
the  individual  collecting  the  material  probably  accounts  for  the 
negative result, because the patient  undoubtedly had psittacosis  as 
virus was later  obtained from material secured at  autopsy.  The  6 
mice receiving sputum filtrate from Case 10  (M.Su.)  survived, but 4 
of them remained perfectly well when tested for immunity by means 
of injections of potent psittacosis virus.  In this test the 6 negative 
control mice died and the 6 positive control ones survived.  We re- 
corded the result as doubtful because we have not had sufficient ex- 
perience to make a definite laboratory diagnosis of psittacosis on such 
evidence alone.  No obvious reasons were found to  account for the 
failure to demonstrate virus in the specimens of sputum collected from 
Cases 3  (T.S.)  and 11  (E.A.S.). 
From 6 of the patients (Table I) with psittacosis, blood was collected 
and injected (1 cc. in each animal) intraperitoneally into mice.  The 
blood was collected from each case at approximately the same time 
that the sputum was obtained.  In no instance did we recover virus 
from the blood in spite of the fact that the active agent was demon- 
strated in the sputum of 5 of the individuals. 
Nasal washings (3) from Case 1 (G.P.B.) yielded no virus although 
it was present in his sputum.  Filtered urine and stools from Case 12 
(F.S.)  were negative, according to tests in mice, for virus, yet it was 
present in the sputum. 
Bits of lungs, liver, and spleen were obtained at the time of autopsy 
of 3  of the patients.  Virus was recovered from material from 2  of 
them, while in that from the other one none was demonstrated (Table 
I).  The organs that yielded the negative results came from an in- 
dividual who had been ill 15 days and from whose sputum collected 
6 days prior to death virus had been recovered. 
The  virulence  for  mice  of  strains  of  virus  derived  from  human 
sputum  proved  to  be  fully as great as that of strains derived from THOMAS  M.  RIVERS  AND  G.  P. BERRY  211 
birds.  Increasing severity of the psittacotic infection in the rodent 
host with successive animal passages was manifested in every instance 
in which serial transfers were made.  Bedson and his coworkers (8) 
and Gordon (9) have stated that the virus derived from human sources 
has not displayed the same degree of pathogenic stability for mice as 
that derived from parrots.  Because of our divergent experience, we 
inoculated a variety of strains of mice in order to determine whether 
a  varying susceptibility  to  psittacotic  infection  in  this  host  might 
account  for  this  difference.  Moreover,  before  recommending  the 
mouse as a suitable animal for use in a diagnostic test for psittacosis, 
it  was  desirable  to  ascertain  whether different strains  of  this  host 
vary  considerably in  susceptibility  to  the  virus.  Six  strains  were, 
therefore, studied in a  comparative way, and all were found to react 
in essentially the same manner to inoculations of material containing 
the virus of psittacosis.  Furthermore, it was found that very small 
doses were in general as capable of inducing infection in one strain as 
in another.  Webster's virus-susceptible and virus-resistant mice were 
not used in this work. 
DISCUSSION 
From the  results  reported at  this  time  it  is  obvious  that  the  sputum 
collected from patients  with  psittacosis  is  an  excellent material  in 
which  to  demonstrate  the  presence  of  the  etiological  agent  of  the 
disease.  This  is  accomplished by means of injections of unfiltered 
washed  sputum  or  sputum  filtrates  into  the  peritoneal  cavities  of 
mice.  We were unable to demonstrate virus in the blood when mice 
were used as the test animal.  The active agent is in the blood, how- 
ever,  and  Bedson  and  his  coworkers  (1)  clearly demonstrated this 
fact by the use of budgerigars as the test host.  Our endeavors, how- 
ever, have been directed towards the development of a  satisfactory 
diagnostic test in which the mouse, a safe and inexpensive host, can be 
used instead of birds.  It appears that we have been successful, and 
for more than 3 years no birds have been employed in our laboratory 
for diagnostic purposes.  In addition to ourselves other workers (10) 
have found the sputum-mouse test  satisfactory for the diagnosis of 
psittacosis in human beings. 212  METHOD  FOIl  DIAGNOSIS  OF  PSITTACOSIS 
$UIWM~y 
By means of intraperitoneal  injections in mice of unfiltered sputum 
or filtrates of sputum a large percentage of the cases of psittacosis in 
human  beings  can  be  successfully  diagnosed  in  a  relatively  safe 
manner. 
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